Developmental stability (the precision with which genotypes are translated into phenotypes under physically stressful developmental conditions), is a major source of phenotypic and behavioural variation, yet researchers have largely ignored its potential role in the ontogeny of individual propensities toward human aggression and violence. In this study, we measured £uctuating asymmetry of the body and administered aggression and ¢ghting history questionnaires to 229 college students (139 female and 90 male undergraduates). Among males, but not females, £uctuating asymmetry correlated negatively and signi¢-cantly with the participants' number of ¢ghts and propensity to escalate agonistic encounters to physical violence. Principal components analyses and scree tests suggested that two psychometric factors underlie observed correlations between self-report measures of aggressive tendencies. The ¢rst factor,`aggressive negative a¡ect', re£ected verbal aggression and hostility toward others, while the second factor,`selfassessed ¢ghting ability', re£ected physical violence and a tendency to win ¢ghts. The two factors correlated minimally. For both males and females, the second factor correlated with number of ¢ghts while the ¢rst factor did not. Fluctuating asymmetry did not signi¢cantly correlate with either factor for either sex, but for both sexes, psychometric intelligence (IQ) correlated positively with the ¢rst factor.
INTRODUCTION
Violence, primarily perpetrated by males, is a major source of pain and su¡ering throughout human societies, perhaps equal to famine and infectious disease as a cause of misery and pre-senescent mortality (Gilbert 1994) . Characterizing di¡erences in individual propensities toward aggression and violence is a major area of psychological and behavioural biological research (e.g. Archer 1994 ). Developmental instability has received much attention from biologists and psychologists in recent years as an important source of phenotypic and behavioural variation within and between populations (e.g. Parsons 1990; Watson & Thornhill 1994; Thornhill & Gangestad 1996; MÖller & Swaddle 1997 ), yet the possible relationship between developmental instability and human violence has been largely neglected.
Developmental stability refers to the accuracy with which phenotypes are produced from genotypes; developmental instability is the imprecise expression of developmental design that results from environmental and genetic perturbations during ontogeny (Ludwig 1932; Lerner 1954; Parsons 1990) . One reliable measure of developmental instability is £uctuating asymmetry (FA), or deviation from symmetry in bilateral morphological traits for which signed di¡erences between right and left sides at the population level have a mean of zero and a near-normal distribution (VanValen1962; Parsons 1990) .
A large body of scienti¢c literature indicates that FA correlates negatively with ¢tness in a wide range of taxa (e.g. Swaddle et al. 1996; see MÖller (1997) for a review). Among male humans, sex partner number, the incidence of sperm-retaining orgasms experienced by female mates, and ratings of physical attractiveness have all correlated positively with relatively low levels of asymmetry in previous studies (for a review, see Thornhill & Gangestad (1996) ).
In some taxa, but apparently not others (Witter & Swaddle 1994) , FA correlates negatively with resource holding power (e.g. ¢ghting ability). Among oribi (Ourebia ourebia), the size of males' harems and male horn asymmetry are signi¢cant, negative correlates (Arcese 1994) . In a population of desert pup¢sh (Cyprinodon pecosensis), asymmetry levels in territory holding, breeding males are signi¢cantly lower than levels of asymmetry in non-breeding males (Kodric-Brown 1997) . Similar correlations between resource holding power and FA have been reported for other taxa as well (e.g. Thornhill 1992a,b; Thornhill & Sauer 1992; Ligget et al. 1993; Malyon & Healy 1994; Allen & Simmons 1996; MÖller et al. 1996; Rintamaki et al. 1997) . Among humans, Manning & Wood (1997) found psychometric aggressivity in boys to correlate negatively with a measure of FA.
In this study, we sought to identify whether di¡erences in developmental instability, measured as FA, correlate with individual levels of aggressivity and reported histories of intrasexual physical violence among adult men and women. Based on ethological considerations outlined above, we predicted that male FA and ¢ght histories would correlate such that men reporting a greater number of ¢ghts would possess relatively lower asymmetry. We also predicted that males who escalate agonistic encounters to physical violence will have lower FA than non-escalators. These predictions run counter to expectations should pathological socialization and/or abnormal neurological development cause most human violence. Pathological socialization alone should have no negative correlation with FA, while neurodevelopmental abnormalities may be expected to exhibit a positive correlation with FA (e.g. Markow 1992; Ricker et al. 1989; Thoma 1996) . (It is possible, however, that both men of high developmental stability and those of low neurodevelopmental integrity exhibit greater than average levels of aggressivity, resulting in a U-shaped distribution for developmental stability's correlation with violent behaviour.)
Evidence other than the animal ¢ghting literature generates alternative predictions. For example, since psychometric intelligence (IQ) correlates negatively with FA (Furlow et al. 1997) , socioeconomic status (SES) and IQ correlate positively (Neisser et al. 1996) , and the incidence of ¢ghting correlates negatively with SES (Archer 1994) , it may be argued that ¢ghting should tend to correlate positively with FA and negatively with IQ. Additionally, FA and physical attractiveness have previously been found to correlate negatively (see Thornhill & Gangestad 1996) . If ¢ghting is an alternative social status-seeking strategy employed primarily by less physically attractive men, a positive correlation between FA and intrasexual aggression may be predicted. To control for potential confounding variables, we statistically partialled out a number of variables from correlations between FA and ¢ghting and speci¢cally analysed correlations between IQ and facial physical attractiveness and measures of ¢ghting.
METHODS
Two hundred and twenty-nine undergraduate college students (90 males and 139 females) volunteered to participate in the study in return for points toward a psychology course research participation requirement. Participants signed consent forms after being introduced to the general nature of the study and the methodology used.
Participants completed an abbreviated ¢ght inventory (Archer et al. 1995) in group settings. The ¢ght inventory asked participants to report whether they had been involved in a physical ¢ght in the past three years, and if so, who escalated the ¢ght (self or opponent) and how many other ¢ghts they had been in during the past three years. Participants reported their ethnicity, socioeconomic status (SES), and age, and height and weight data were collected.
In addition to the ¢ghting inventory, 122 participants (49 males and 73 females) also completed the 29-item Aggression Questionnaire (Buss & Perry 1992) . The Aggression Questionnaire has been extensively validated with analyses of internal consistency across samples, within-sample test-delayed retest reliability, and comparisons of questionnaire scores with peer ratings (see Buss & Perry 1992) . The Aggression Questionnaire is broken down into four subscales: physical aggression, verbal aggression, anger, and hostility. These participants were also asked to report whether they tend to win ¢ghts, using a ¢ve-point scale (with 0 meaning`I never win', and 5 meaning`I always win').
Participants completed the Culture Fair Intelligence Test (CFIT; see Barton 1973) , a measure of intellectual performance. IQ scores were derived from performance on scale 3 of the CFIT for one-half of the participants (internal consistency reliability, 0.46), and scales 2 and 3 for the other half ( 0.79). (See Furlow et al. (1997) for a fuller discussion of the administration and derivation of IQ scores from the CFIT, using the current sample.) These scores were used as covariates in the current analyses.
Subsequently, participants returned individually for follow-up sessions at which they were measured with electronic calipers. Ten body traits were measured: ear widths, ear lengths, elbows, wrists, ¢nger lengths (excluding thumbs), ankles, and foot widths. Large samples (4700 individuals) indicate that asymmetries for these traits are normally distributed (see Furlow et al. 1997) . For each trait, the left and right sides were measured independently to the nearest 0.01mm with digital calipers. Both the right and left sides of each trait were re-measured once. FA for paired right and left traits were calculated by the absolute di¡er-ence between left (L) and right (R) sizes (averaged across the two measurements), divided by the average size of the left and right sides for the participant: trait FA jR À Lja(R L) Â 0X5 (Palmer & Strobeck 1986) . For the ¢rst half of the sample, index ¢nger length was not measured. Individual trait asymmetries were then averaged for each participant .
The intraclass correlation between FA measured by the ¢rst and second measurements was 0.55 for the ¢rst half of the sample (based on nine characters; F 109,110 3.46, p50.000001) (Winer et al. 1991, p. 95) , and 0.69 for the second half of the sample (based on ten characters; F 123,124 5.45, p50.000001). Intraclass correlations for signed FA of all the individual characters were also signi¢cant (r 0.33^0.58; all F41.97, p50.0002).
Engaging in physical violence may be expected to result in injuries which cause bilateral asymmetries independent of developmental history. Correcting for asymmetries due to injury (by substituting individual participants' asymmetry values for injured traits with sample means for those traits), yielded adjusted composite FA measures which correlated 0.97 with the unadjusted measure. Of all measured asymmetries, 3% were adjusted by this procedure.
During the follow-up sessions, frontal colour photographs of each participant's face were taken with a 35 mm camera. Photographs adequate for rating were available for 225 participants. Raters later judged participants' physical attractiveness on the basis of these photographs, using a ten-point scale (where higher ratings re£ect greater attractiveness). For about half the sample, 14 raters (six males and eight females; mean age 25.1, range 20^47) judged photographs; for the second half, 18 raters (eight men and ten women; mean age 29.4, range 21^55) served as judges. Because the ratings of male and female judges correlated highly (mean Pearson's r 0.85), each participant's attractiveness rating was computed as the average of all judges' ratings. Internal consistency reliabilities were high for both halves ( 0.94 for male participants, 0.98 for female participants, in each half ). Raters who judged the second half of the sample were somewhat harsher than those who judged the ¢rst half (mean 4.33 and 3.57, respectively; t 223 5.5, p50.001). Ratings were transformed to z-scores within each group to measure facial physical attractiveness.
At the conclusion of their participation, all participants were debriefed about the purpose of the study and allowed to ask questions.
RESULTS
In total, 46 (48.4%) men and 32 (19.1%) women had at least one ¢ght in the past three years. Mean numbers of ¢ghts were 1.58 and 0.50 for men and women, respectively (s.d. 2.65 for men, and s.d. 2.04 for women). Of men who had at least one ¢ght, 43.9% reported that they had escalated it into a physical ¢ght, whereas 33.3% of women reported escalating the ¢ght. For men, the number of ¢ghts predicted whether they had escalated their last ¢ght (1 escalated the ¢ght, 0 did not; r pb 0.35, p50.05), whereas for women, the number of ¢ghts bore no relationship to whether they had escalated their last ¢ght (r pb 0.10, n.s.).
(a) Number of ¢ghts Men's number of ¢ghts was signi¢cantly correlated with FA (r 70.25, p50.02). As expected, more symmetrical men tended to get into more ¢ghts. Women's ¢ghts did not co-vary with FA (r 70.01, n.s.). An analysis regressing the number of ¢ghts on sex, FA, and the interaction between sex and FA, yielded a signi¢cant FA Â sex interaction (t 229 2.05, p50.05), indicating that FA does predict the number of ¢ghts di¡erentially for males and females in the college population from which we drew our sample. The results for men are presented in ¢gure 1.
Because both FA and number of ¢ghts were nonnormally distributed variables, a randomization test was performed on the correlation between men's FA and number of ¢ghts (e.g. Smouse et al. 1986 ). The p-value generated by randomized pairings (50 000 trials), was 0.016, almost identical to that derived from a standard ttable. Standard parametric tests were thus applied for all other analyses (see also Gangestad & Thornhill (1997) ).
To control for additional variables, multiple regression analyses were performed separately on men's and women's ¢ghts. Men's number of ¢ghts was regressed on age, ethnicity (dummy-coded into four variables), SES, IQ, physical attractiveness, height, and weight. FA was then entered. As expected, FA signi¢cantly co-varied with number of ¢ghts after the other variables were controlled for ( 0.27, t 74 2.30, p50.05). No other variable signi¢-cantly predicted the number of ¢ghts. Final R was 0.38. For women, no variable signi¢cantly predicted the number of ¢ghts. Final R was 0.26. (For FA, 0.02, t 118 0.22, n.s.)
To examine whether FA curvilinearly relates to number of ¢ghts, we entered the quadratic term of FA (FA 2 ) after all other variables listed above (including the linear e¡ect of FA), separately for men and women. For neither sex did the quadratic term add signi¢cantly to the prediction of ¢ght number, t 73 1.20, n.s. for men, and t 117 0.99, n.s. for women.
The zero-order correlations of number of ¢ghts with physical attractiveness and IQ were 0.12 and 0.05 for men, and 70.01 and 0.03 for women, all n.s.
(b) Escalation to violence FA was correlated, separately for men and women, with whether they had escalated their last ¢ght into a physical encounter (e.g. thrown the ¢rst punch). The point-biserial correlation between FA and escalation was 70.49 for men, p50.001. As predicted, then, men who started their last ¢ght tended to have a lower FA. For women the correlation was 0.05, n.s.
Because these analyses included only the subsample who had at least one ¢ght in the past three years, we performed partial correlational analyses controlling only for other variables that correlated at least 0.15 with escalation (a criterion more liberal than the 0.05 level of statistical signi¢cance; additional analyses controlling for all variables partialled out of correlations with ¢ghting (see above) yielded the same results as for those reported for all analyses): ethnicity (dummy-coded), weight, and IQ for both men and women, and physical attractiveness for women. Partial correlational analyses controlling for these variables revealed a signi¢cant e¡ect of FA on men's escalation of a ¢ght (partial r 70.66, p50.001). For women, this correlation was 0.05, n.s. (Physical attractiveness and IQ did not signi¢cantly correlate with escalation for either men (r 0.04 and 0.26, n.s.), or women (r 0.20 and 0.21).)
Participants were split into three groups: those who had not had a ¢ght in the last three years (no ¢ght); those who had at least one ¢ght but had not escalated their ¢ght to physical violence (no escalation); and those who had escalated their last ¢ght (escalation). One-way analyses of variance on FA by this grouping were conducted separately for women and men. For men, a signi¢cant e¡ect of this grouping emerged (F 2,87 5.37, p50.01). A contrast between men who had escalated their last ¢ght and the other two groups was highly signi¢cant (t 87 3.26, p50.005). Post-hoc Sche¡e¨comparisons revealed signi¢-cant di¡erences between the FA of men who had escalated their last ¢ght and the two other groups. Men who had not had a ¢ght in the last three years and men who had not escalated their last ¢ght had nearly identical FA (see table  1 ). Analyses yielded no signi¢cant di¡erence between the three groups in women (F 2,136 0.15, n.s.). Principal components analyses were performed separately on men's and women's questionnaire measures for the four subscales of the Aggression Questionnaire (physical aggression, verbal aggression, anger and hostility), together with the stated ability to win ¢ghts. Scree tests and factor interpretability suggested that, for men, two factors underlie the correlations between the ¢ve measures (eigenvalues 2.04, 1.29, 0.82, 0.49, 0.36) . Two components were extracted and oblimin rotated. Loadings (structure matrix) are presented in table 2. As can be seen, one component appears to re£ect aggressive a¡ect and hostility toward others, the highest loadings belonging to verbal aggression (0.82) and hostility (0.79). Physical violence loaded moderately on this factor (0.45), while participants'`stated ability to win ¢ghts' loaded minimally (70.06). The second component appears to re£ect the participants' tendency to get into physical ¢ghts based on their perception that they can win them. Both`stated ability to win ¢ghts' (0.90) and physical violence (0.78) loaded highly on this factor. Accordingly, we named these two components`aggressive negative a¡ect' (ANA) and`self-assessed ¢ghting ability' (SAFA), respectively. The two components were minimally correlated, 0.15. Component scores, based on factor score coe¤cients, were calculated for both components (regression method; SPSSX). Correlations between the two components and men's number of ¢ghts revealed a correlation of men's number of ¢ghts with SAFA (r 0.52, p50.001), but not with ANA (r 0.01). The point-biserial correlations between whether men escalated their last ¢ght did not signi¢cantly correlate with either factor: SAFA, r pb 0.20; ANA, r pb 0.20.
FA correlated 70.04 (n.s.) with ANA, and 70.23 (n.s.; p 0.11) with SAFA. With age, IQ, physical attractiveness, height, and weight partialled out (variables correlating at least 0.15 with one of the components), the latter correlation was 70.23, n.s. (p 0.17). FA's partial correlation with ANA was low and non-signi¢cant (partial r 0.09, n.s.). The results did not change when ANA was also partialled out of the correlation of FA with the SAFA, and vice versa.
Physical attractiveness correlated 0.22 with SAFA, and 70.01 with ANA, both n.s. IQ correlated positively with ANA (r 0.31, p50.05), but not SAFA (r 0.01, n.s.). SAFA correlated 0.24 (p50.05) with women's number of ¢ghts. ANA did not, r 70.04. SAFA correlated 0.30 with whether women had escalated their last ¢ght, but in the small sample of women who reported ¢ghts (17), this correlation was not signi¢cant. ANA did not predict escalation, r pb 0.07, n.s.
Women's FA correlated 70.20 and 0.08 with ANA and SAFA, respectively. Though the former correlation was marginally signi¢cant (p 0.08), both were non-signi¢-cant when age, SES, IQ, height, and weight (variables correlating at least 0.15 with one or the other components) were partialled out, r 70.19 and 0.12, respectively. The results did not change when SAFA was also partialled out of the correlation of FA with the ANA, and vice versa.
Physical attractiveness correlated 0.02 and 70.03, respectively, with ANA and SAFA, both n.s. As for men, IQ correlated positively with ANA (r 0.29, p < 0.05), but not SAFA (r 0.10, n.s.).
(e) Additional analyses
In contrast to previous reports , body FA did not predict men's physical attractiveness negatively and signi¢cantly in this sample, r 70.06, n.s. (with age partialled out). Neither did it predict women's physical attractiveness, r 70.01, n.s. (in the studies cited above, no signi¢cant correlation was observed for women). Possibly, the relationship for men is a relatively weak one and sampling variability accounts for the variation in results. More research and analyses (e.g. meta-analysis) may address this issue in the future.
DISCUSSION
Traditional psychological social learning theorists have attributed aggression and violent behaviour to pathological socialization during childhood (see Ho¡mann et al. 1994) . Some authors have concluded that all aggressivity is merely part of a`more general, antisocial tendency' (Farrington 1989 ; also see Hamparian et al. 1978) . However, psychometric sociability does not correlate with aggression (Buss & Perry 1992, p. 455) . Evolutionary psychologists have argued that physical aggression is the behavioural output of evolved cognitive adaptations which enhanced individual ¢tness in ancestral populations, and that violence is not necessarily pathological (¢tness reducing) in the evolutionary sense, despite its adverse social rami¢cations (e.g. Daly & Wilson 1988 Borgia 1980) .
In this study, as predicted, number of ¢ghts and escalation behaviours correlated with FA in males but not females. The ¢ght number relationship was linearly negative, contrary to predictions of the neurodevelopmental pathology hypothesis of violence described in the introduction (but see below). That relatively low physical attractiveness did not correlate signi¢cantly with aggressiveness or ¢ghting histories provides evidence against the notion that less attractive males employ physical aggression as an alternative path to social status. Our results support the view that violence among college students is employed primarily by males of superior developmental stability, consistent with resource holding power correlations reported for other species (see ½ 1). Our ¢ndings are consistent with those reported by Manning & Wood (1997) for English boys. Using a di¡erent aggression scale, the Olweus Multi-Faceted Aggression Inventory (which was designed for use with juveniles; see Manning & Wood 1997) , they identi¢ed a correlation between FA and psychometric aggression in adolescent males. Manning & Wood (1997) argue that testosterone and/or cortisol e¡ects on soft-tissue asymmetry and behaviour may explain the correlation. Hormonal £uctuations may be associated with cyclical variation in soft-tissue asymmetry among humans (see Manning et al. 1996; . Stress hormone interactions with phenotypic development may contribute to greater £uctuating asymmetry among boys growing up under socially stressful conditions, or cyclical asymmetry may be higher in currently stressed individuals (see Manning & Wood 1997) .
Alternatively, if FA re£ects intrinsic resource holding power (e.g. the agility and/or strength associated with ¢ghting success), a social ontogeny of learning one's own ¢ghting ability may explain observed correlations between physical aggression and FA. Those who ¢nd that they can successfully employ physical aggression will tend to be the developmentally stable males. This interpretation is consistent with the strong negative correlation between men's FA and tendency to have been the one who escalated their last ¢ght to physical blows. Although the correlation between men's FA and SAFA was not signi¢cant in this study, the correlation was in the predicted direction and just shy of statistical signi¢cance. Future research may employ a more extensive measure of this self assessment (our measure of tendency to win ¢ghts was a single item).
Our results showed no evidence for a curvilinear correlation between violence and FA. Future studies may reveal that other human populations exhibit similar, linearly negative correlations between developmental instability and violence as those we report here, but this should not be assumed to be the case. The social dynamics of college undergraduate life may be novel when compared with life among the working poor or the unemployed, and the socialization of college-bound boys may di¡er importantly from that of other boys. Social dynamics in non-college populations may weakenöor enhanceöthe correlations we have identi¢ed. Presumably, college populations exhibit relatively little of the lower levels of developmental stability present in the larger population. In the larger population, profound neurodevelopmental pathology may correlate positively with aggressivity, resulting in a U-shaped correlation between FA and violent behaviour rather than a linear relationship, despite our failure to identify a non-linear association in this sample. Furthermore, patterns of violence between men may di¡er importantly from intersexual (domestic) violence. Even among college men, intersexual violence may be employed primarily by men of low intrinsic resource holding power (e.g. low physical attractiveness), in order to intimidate women from leaving a relationship for more desirable mateships (e.g. Figueredo & McClosky 1993) . It is perhaps noteworthy that in this study, controlling for socioeconomic status actually enhanced the correlation of men's FAwith number and escalation of ¢ghts.
In searching for the causes of variation in individual propensities toward aggression and violence among humans, researchers should adopt a greater appreciation for the role of individual developmental stability, and include measures of developmental integrity in their studies. Further studies including non-college populations should clarify the scope of our ¢ndings.
